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of some ooiaplex reactions is s-feidied* All iaie three reaction 
types, namely, indepmdent, parallel and seriee, are studied. 

Bit etaibined effect of earious parameters on overall sel®ctivi% 
ratio of the reaotion is studied. She dimensionless parameters 
studied are I modified &iele parameter, e<|ailihrium eons tent 
for reversible reaotion, 1^, ratio of reaction rate constants. 

Kg, t diffusivi*^ ratios and adsorption equilibrium constant 

ratios %dth respect to reactant A. An attempt is made to 
eoiTilate *^0 overall selectiviV ratio with individual selwti- 
vi^* ratios obtained hy Agarwal varying only one parameter 

at a time. Multiple regression aralyeis is used to find the 
best oorr^ation. Satisfactory oorrelations are establisdied for 
independent and series reactions. Bo simple correlation is 
possible for parallel reactions. 

fhioj^ent iQrdrogenolysis reaction, a series of reaotion of 
industrial importanoe, is chosen for detailed study. Tariaticmo 
inseleotivity and product distribution are presented as a 
j^um»tiom of ^ophene conversion for modified Biiele pameter 
range of 0«a to 2.0. As erpeoted, the emamterntlm of reaction 
intermediate is foimd to decrrase with increase in Ihe value of 
fhlele parameter fwr a given ShiOj^ene conversion. 
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CHAPfSH I 


IlTEODPOflOI 


eliemical :r«aotioiis ar« earrii)& out Ijy oontactiog 
m fluid and porous solid that catalysts a reaction in-rolving 
some constituent of the fluid, Issentially all surfac® ar®a 
of a high area eatalyst is lapeseat in the interior of the 
catalyst siasa. Pores run Ihrough the partieles in a randoOf 
interconnecting fashion. Diffusion of gaa or liquid is the 
predominant mode of masa transfer within the catalyst petLlet, 

In some cases | bi0.k flow of fluid in the pores or surface 
migration of adsorbed species might be signifioant, but 
diffusion is far more important than either of these trans- 
port mechanisms in most high t^perature and low pressure 
catalytic processes, iaseous diffusion in comeroial catalysts 
is usually either in the Knudsen or timmsition r^imOt dut ^ 
small pore sines of most high area oatalyste. However in wry 
large pores such as oeoiur in low area porous eatalysts Mde 
by oompaoting non-porous oatalyst partielost bulk diffusion 
may predomiimte. 

When a reaction takes plMse in a porous ca'telyst mass, 
the fluid reactants haw to diffuse inside the catalyst 
particle to i^ke the effective use of the surft^e area available 
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ia Ite porea aisce most of the surface area is iasM® the pores 
«8 pore w^la. ttie reactants are chOTisorhefi and then react 
to form the cfemaigorhed proSiJ^t* a® pro<auct «ol@c«a.€B are 
•ttien iesorhei mnM iff fas® oat of the catalyst particle to 
the saz^ao® from which it is transferred to the halk of the 
fluid, ]^ch of these steps offer scats resistance and the 
rate of faction taking place in a catalyst pore depends upon 
the magnitude of these resistances. In the past, expressions 
for ■laie 3»te of reaction in a catalyst port were oh'feiliiei l^lng 
into account these resistances. If all these resistances are 
considered together* the rate expression htmsomes too 
inwolved and in mapy cases it is not possible to obtain the 
rate expression in terms of measurable quantities, for this 
reason generally it is assumed that out of all these stops, 
one of Hi^a offer maximiM reels tame and accordingly aU 
others negl^ted, ihus the rate of rewstion equals the xnte 
of -fee slowest step. 

As a result of pore diffusion there exists a eoneezif 
tration gradient inside the pore aM hence r^Uitlon takes 
place with different rates at different positions in the ca'hii^st 
pore, Siis affects tee sctielty of tee oatelyst whicte is 
expressed in terms of eff^tieeness factor, defined as tee 
actual rate of reaction diyided Igr tee rate of reaction if 
there is no coaoentraticn gradient due to mass tawinsfer 
tetions. In complex reactions idler# more teas one reaction 
is taking plaoe, quite oftmi, different reacticius are effected 
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In a flifferaat way aad there ia change in aelectiid'ty* 

Sli# term aelectlvi'^ is generally defined as the rate of 
desired reaetion Sirided hy the rate of disappearance of 
the kiy reactant, 

Igarwal (1) etaadied the effect of diffusion on selecti- 
▼itf of some eoapler reactions hy using Iiangauir-Hinshelwood 
type of rate erpressions, which takes into account the effect 
of adsorption on reaction rates and the results wejfe presented 
in terms of seleotiTi-ty ratio as a function of modified ffliiele 
par®saeter for Tarious reaction parameters. %■ warying only 
one rarlahle at a time idiile keepii% all others at a constent 
walue of unitft effect of diffaerait parameters on '^e 
s^ectiTily of s<»t oomplez ruction was presented, lowerrer# 
for any actual ruction the values of meat of these pirweters 
may he greatly different frm unity and as such the results 
can not he applied directly* 

In 'iie present work, an attmept is made to sludy Hie 
effect of interaction of rarlous parameters on saleotirit|r 
hy arhltrarlly varying the ralues of these parameters and t© 
correlate Hiese results wiHh those obtained ty Agarwal (1). 

fhe reactions considered for detail study aret 

t* Independisit Emotions 
B + C 
1 — # i' 
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2. Par®ll®l Heftotlorm 

24 _ ^ " - 1 6 

A ^ 1 4* 0 

3* Strits lea©ti®ng 

4 " 14-0 

B =5— B 4 - C 

la each case the first reaction is taken as revwslble 
to consider the effect of reTcrsihili*^* 

She eff«K»t of adsorption and diffusion on the sel^ti- 
t 1% of an industrially important series reaction, namelj, 
thiophene hydrogenolysis is also studied (Appendix B ) and 
the 'enriation in selectivily is presented as a function of 
thiophene conversion for ©elected 'talues of Ihitle parmeter. 

♦ * * 



OHAPfEE II 


tiTmkmsM mwm 

Siitzitfood aad Satt«rfliiLd (2) ia tiielr r®c©at hook 
have glvea an exeellent aeaouat of the progress made over 
past three decades since ifti® pioneering work of Jtekohler (3)» 
Shiele ( 4 ) and leldowitoh (5) ia the general er«i of •^e 
role of diffusion in catalysis. 

In catalytic reactions, the rate expressioia are 
not simple first or second order expressions. 5^ eecoant 
for the effect of adsorption. haa^uir-Hinsheli^sod type of 
rate expressions are to be used. For the first time Cha 
and Hoagea ($) considered the effect of adsorptioa on effective* 
ness factor hy amlyaing a first order irreversible reaction 
1 — ^ 1. Hcherts and Satterfield (7.8) analysed -Sie reaction. 

A # hi — 5 *- prodncts. assiiolng first and second order irrever- 
sible reaction kinetics. Schneider and Nitschka (9. 10^ It. 12) 
and lao and Satterfield (13) considered first order revtwihle 
reaction. A-i ^ B and showed that ^e retardation effect (due 
to pore diffttsion) Is more for reversible reaction that for 
irreversible reactions. 

For complex reactions the effect ©f pore diffusion 
celeotivity eas studied by bheeler (14) iMho desigiiated 
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different lypes of seleotiTity* ainee eaoli is affected 
quite differently by tb® pore diffimloa* Selectivity 
for independent reactions li*i been studied ^ Ifteeler (14)! 
for parallel reactions Oatergaard (15) and Pwloski (l6)j 
and for series reactions Carberry (l7)»Weiz (5) and 
Wbeeler (14)* All of ■^em bave considered simple first 
or bi^er order reaction kinetics. 

Agarwal (l) bas studied tfee effect of diffusion sad 
adforptlon on selectlvi% of eo®e complex reactions in a 
cylindrical port witboat radial gradients using laiigmuii> 
Hinsbelwood ‘^pt of rate expressions to take care of adsorption 
effeets, 1® asswied that tbe surface reaction controls tbe 
rate of reaction. “^ie study Ibe effect of pressure 
gradientt ebaagts in tbe dlffuslvities and adsorption equi- 
lilrriiiEii constants vllbln tbe pore wote. neglected. Elf fusion 
wllb cbemical re«itlon gives rise to a set of non-linetr 
dlffarentlal equation® of tbe boundary value type vbose initial 
conditions are alesli:^. ®ie solution was achieved by quasi- 
linearisation (18) and invariant labedding teebniques (19)* 
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whor# rj^ and ru nrt tli® rate of fouwilsloa of oooponeat A 
and i: per unit pore rolwe# reeotlos : 
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A* Analygis of tht Iateraeti®B of Tarloiaa T araagteral 

la this cliapttrt %« interactioa of "roriou® react loa 
paJteaeteri aad the coiweqtteBt influeace oa OTer all selectlTily 
of til# reactioa for a giwi 'value of modified aiel® paraaeter 
if fBalyeed. l Agarwl (l) fea« pr®»«nt«d Ms results ia terms 
of selfctivity ratio, m ® fttaotioa of modified SiiAe parameter 
for various reactioa paraaeters, 1>y varyiag oaly oae variable at a 
time wbil# k««f>iag all otfe era at a constaat value of unilgr. 
fo estlmat# the overall effect for a system with arbitrarily 
ffsigaed values of differeat parameters fr<» the oae parameter 
data of Agsrwil (1), the most logical correlatioa may be t® 
assume that the oraabiaed effect oa overall selectivity ratio 
is obtaiaed by taking «ie protest of individual sel#ctiTi% 
ratios obtained by varrlhg sic®!® parameter. So fit the data 
each of the individual selectivity ratio are raised to a 

constant power that is 

I - *,(^)*^ (1,)** — 

..a tt. TOlut. of tho.. conrtont., .j to to b. aot«rala.* 

aoing »atll.l. rogrooolon methoa. a. cowolaUon can b. aoa. 

ia oat of the following two waysi 




If 


Ci) T rtpreseats oomMned aa^ 3^ to rapreaant iaSivi-aal 
aelaetiTitj pstioa m eucli 


(il) T rtpreseatt ceraljlitad aad X|^ to rapraient iadifiiiiisl 
salactivi’ty patio® «aoh after by the selactiTity 

ratio yilat all piraaetara ®xc«pt ftltle pnrasittar (tlie 
vbIu® of iidiieh i® teikea as that of the actual syst^), are 
tak«B a® unity* 


a® €K|uatloa 18 can he written la algehraic fcwa 
i® wienahl® to regresiion analysi® simply hy taking tfte logrilhm 
to give . 


^Yv y m X'A ^ «•••**+ 

Cif) 

Ihe latter aethoi was found to he more prcaieiag and ims# 
therefore, ©ho®en for detailed study, 1 carefia study of the 
results of Igsawil Cl) indicated that not nil mriahle paraneter® 
hawe sigaifieant influence on selectirity i»tlo wlue» It was 
therefore found deeirahle to include only those mriahles, wViSck 
were ohseraed to influence the selectirity ratio signifionntly. 

B. Multiple Eeitressioo Analysis i 

legressiOB analysis <22) is designed to eataaine the 
relationship between T to a wariahle X* Here X is independent 
eapithle and i® assumed to Mt® no error aeeoeiated wi13i it# : 

Shis eariahle i» ejected arbitrarily for the purpose of studying ; 
y* T is a dependent eariable and the relwtioni^ip between X and 1 




'waritblt ( itviation frcsi i population or true line of 
regreoeion) with atoa ®«ro while the I Tslues art selected by 
the researcher. 


Iht ffiodel of interest is 

y * ^ t Sg Xg C 20 5 

where y » 1-v^ y, « JL-r\ , Xj_ * i » 1 to m. 


for finding the oonstantsy least square method assures us that 
sum of the sfuares of ^e ▼ertieal fitewiationo from the fitted line 
will be less ’^an the nm of the squnre® of the vertical 
ieviation® from any other line« no matter kow oomputed* for 

findirg &*8 we minimise the sum of squares of Seviationsy 

-1 2 

£ y - (S ♦ + *2^ + 






OHAPTIS T 


BEmaS AID DI3OTSSIOK 


Sh® 4 li*eiisloiil#«B TOriablee arc afetdieS for 

their iiataraction o® lalectiTity ratio 

- Modified Hilel© par'.’Jieter, ^ 

• letetlon at^E-liibriuai conataat, 

• Iteitlo of roao’-tlon vtlooity ooaataiita, Ig 

- "a®. 


Satio of dtfftaiirltie® 
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A A 


f W W' 

• latio of aiaQrftioB eiuilibriom caastanta, # 2^ > 2^ • 

A A 

tliat i®t th® so* of VftTiablea atudiad, txcXiadii^ aoSified Siiele 
faraooter are elerea f*or indepeaient reactions and nine for 
parallel as well ss meTies riNeotioiia* She i^nge of tS^e Tallies 
of eaoli of the terlalilas is giTen in the following Sable 1 
SilBlBli Jtea»c of the Talnea of the Tariablea Studied 
' 'fnrLMm :: ^ ^ ^ " 
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glEIgID£» BEAGTIO« t 

lEaM® 2 allows th« aaxiouffi rang© of 'rorittion of noiKaalisea 
aelectiTity ratio for all tfe® eler^n dlncnsionleae par?»ffieters 
in general, eorrespoafis to tlie variation ttt the hi^ect 
v^ln© of 55iiele paraaeter as reported by Agarwal ( 1 )* • ftppreoieble* 

la rmark oolana of Iflie 5abl© 2 Indies tes tbst this variable 
has signifieaat effeet and is incladei for regression enalyais* 

2bt variables with "negligible" effeet art not uised in regression 
analysis and the vilae of a^ for ■^ese variabl ee is asamaed to 
be unity, 

fkMM 2i Maxim’aai Yariatione in Komalised Seleetivitar Batio 


Tariable 


!»Ur!!W'ff!lTn 


omalisea^va 
eelicti'rt^ raiio 
variation. 






S3 


&bl« 2 ifidicatte that Tariable parameters • ^3 

1^ /ij^ and Kg /K^ have very Mall influeac© on the selectivity 
ratio and only the followij^ p^rasetera need detailed sttidy for 
their iaflnencta 

%» Eg, %/% 

Wsing the geneMlized prograuaie. Appendix A, the overall selectivity : 
ratio calculated for arbitrarily chosen values of parameters 
Ej^f Kg, modified fhiele parameter values 

of 0,4-, 0*7, 1, 2 ai^ 4* iht values of Individual selectivity 
ratio corresponding to the single psiwraeter variation only at the 
sane !Ihlele parsmeter were obtained fro® ttie studies of IgraimlCl), 
Taking ® sample site of 164 data points selected randomly, the 
regression awlysis resulted in the best fit with the following 
vnluts of the oonstnnts in etpiation 1i ^«e 18. 

A© • 0.93 
« 1.42 
•a • °-95 
«j - i.n 
» 1*16 
a^ • 1.06 

liiert subscript l,2»5f4 and 5 refer respectively to variable 
parameters Kgi indicated earlier 

all other cosn^espondisg to the remaining variables are 'teken 
as unity since fteir influence on selectivity ratio is Mall. 



©al 0 alat«^ irstlue of the oveMil selectivity ratio, fhe variation 
ia the calculated value of overall eelectivity ratio was ohserred 
in the range of 0,3 to 3.6 for the data samples investigated 


B, SERI^ HBAgflOirs 


&hl« 4 i^ows the maximum range of the variation of normalizei 
eelectivity ratio for all the nine dimeasiohleee parameters and, 
in general, corresponds to the variation at the highest value of 
Chicle parameter as reported hy Agar%iral (l), *Appreciaia.#* in 




3t Bisfmmrfioy ahalisis ioh mAanom 


m 

m 




m 





WVfa-t J m 


•ift 


BtlQ 


_ gta max, __ 

s«l®ctiTity ratio 
'varlatioa 




1.1? 


0.9@ 


0.45 


1.38 


%/% 


1.05 


0.93 


1.29 


0.i9 


v% 


0.93 


1.13 


1*04 


0.98 


1.05 


ippri^iaol 


0.95 


V% 

V^A 


1.12 


PBWKJjmel® 


0.93 


Hegligim® 


1.03 


0.98 


of 0.4, 0.7, 1, anfi 2. 5ho imluei of In^ividpal aoltctiv; 
»tio oorroapoiidiag to the single parweter ‘eariation onl; 
the eaaie fhiele parameter are obtain®^ from ttie itu<3ie8 o: 
Agrawal (l). falciag a eaaple »l*e of 71 data point® seleo 
ranSosijr, the rtgrtssion aoalysle reswltefl in Ifee beat fi 
with the followii* ralme® of "^e oonstants in eonatioa 18 

A_ » 0,99 

m 

a^ * •O. 14 

«2 • 

a. « 0.19 


*4 


1.02 



fillil 5 s llgtritoutioii Aail3r«l0 fog Serite Regotiona 


SrroT Bistrilmtion 
vil^in 

fOr 19 
oheer* 
vatioas 
®t Jj^,4 

for 17 ohsenraitioae 
at f^||*«7 at 0^ 1 

for 18 for 71 
olieer* ohser- : 
▼atioBs vat lone 
at0|^* S at 

.7.1 & 2 

fiw pt3*eeiit ®rr©r 

9 

5 

3 

$ 

23 

five to tea pereeat 

error 
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8 

6 

1 © 

3® 

tea to tweatr peroeat 
error 

2 

5 
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■ ■ 0: 

2 

17 

tweaty thirty peroeat 

error *• 

1 
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* A'pprmimble* ia r®»irk coliam of tli® 6 indicates thnt 

this variable has significant effect and is included for 
regression analysis# ®i« variables with ’negligible* effect 


are not used in regression analysis and the value of for 
1hest variables is assumed to be unity* 


TkMiS $1 Itoinua Tariations in loznalised Selectivity 
Batio 


li^ozwtlised saxiaisi seiectivi”^ 

Variable ratio variation Eeasidte 


0.785 

Ig 0.723 

% 0*51 



0.89 

«ia» 

% 

0.91 

m 


0*98 

• 

Hf^L 

0.995 

- 

Kg /K^ 

0.97 

— 


0*975 

- 


1.07 

Appreciable 

1.485 

Appreciable 

1.085 

Appreciable 

1*05 

Appreciable 

1.07 

Appreciable 

1.05 

At a lower Shiele 
parameter* Appreciabl f 

1.00 

i<^igible 

1.05 

At a lower Siiele 
pas^meter* Appiecisbl' 

1.05 

.-do* 
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ymrUtiom of and 

■r® also ▼©ij ©Ball at 
the hii^tst afailabl® aii«l# paraatter bmt th© TOriations at 
low®r ®ii<a.© p®3ra®®tcc ®r© appreclabl©» tbts® «r®, ‘fe®f>©ficr©» 
takoa into tfee aii®lj-®is. 2ii this cas® aiiice tb« ©oabtetfi 
8 ®l#ctlvil 5 f ratio w «0 founi to vary ovtar a vtiy wi^® vmng® 
of 0»04 to t2.5* it vstB not postibl© to ti«« tb® saa® coaBtaats 
ormt th« emtir# rai*® of fbiel® paraaottr, so ms to obtain 
a s^tr^ised txpytssion 'to caloalat® oMbiatd »@lectiid,ty 
ratio witb r®asoaabl® aeouraoy. fFaiiig tb® multiple regreoeion 
analysi® sepawit^y for <Bieb fbiel® imimeter rtgiont that is 
low (5^ « 0.4)f moderate « 0,7 and l) and high « 2 aad 4 ) 
tb® following yalae® of oonstantg (Sable 7) were obtained. Sb® 


result© are tabulated below for all tb® three ©aati in ftible 7< 
J1AB23 7* Value® of Constants for Parallel leaotions 


lazmet«r Constant 


u« of constant for 
____ mu® of 


Parameter 


o.tdi 


2 and 4 








For 53 For 39 For 92 For 29 For tO For 39 For 18 

o1>sio>» obser- ©bsor- ©boor- ©bo®©- ©bs«r- obser- 

Obsormtiom© ifil&lB rati«a« ratioas rations rations rations rations rations 

at 1^*7 at ©t ^*2 at ©t %*2 at ■* 

and i as^ 4 






(mAPflR TI 


OOICLPSIQIS Am? EECOUmmflQI^ 


A, Oonoliigiotm t 

1* All '^© dlnensiozllees puramettr* do not etteai tli© 
roaetioa oolectl-rl^ to sam® i^r®e. a® dtaensioal#®® piir@c 
atttrs having signiflotnt in 0 .ia®iioe «r«i 

«• Indopw^^t le&otloiis i reaction efuilibritm ©oastant 
ratio of reactioa rate constant aai diffnsivitgr ratios 

W »e • 

^SS«££»w2S£>— J«SS^ Kgf ®Bd 

aiaox^tioa egaillbriiim eoas'^at ratios an<S 

©• ifaumllel Seactioa i All paraneters erei^t ^ 1 ^ 4 # 

2« Satisfactoiy ©orrelatioas to eatimt® l^t overall 
selfotATitif ratio fr<» iadiridual sil^tiirity ratios (obtained 
bj taxjiag at a ttne only one parameter) are found for iadependmit 
and series rimctioas. fur series reactions aiaeV Bias percent 
of the setenti^ one data points are found to lie within twm^ 
percent of the true caloulated Tslue. Iter independent reactioiui 
ei^t^ fire percent of the 164 data points are found to lie within 
thir'^ percent. 

5 . Be sin^e correlation is found 1» be applicable for 
parallel reactions in the entire range of dSiiele parameter studied. 
INr’^emore 8<me of the computed Tslues of Idle oonstents for use 
in oorrelatic^ are Ttry large and unrealistic. 
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4* Ba® stu% of Ssioiaitn® hydrogenolysi® sliowti that the 

aufl profittct fiistrihiitioii ws aigulfioaatly toflaonoefi 
by thiophiroe oowersioB aad Biiele i^maeter# laoreat# ia the 
'falae of aiele parameter reSiKsed the coaoeatratioa of leactioa 
iatertteSiate* Ii^reaee ia coaTerslon also show#® a sSjoilar 
effect oa product «31s tribat ioa. 

1* fieoomaieafetioae i 

!• Oorrelatioas to predict overall s^ectlvity from iaiiviSual 
eelectivity, eveai^oiil^ usefizl to estimate the relative effect 
of various par«iet«ps oa overall selectivity, may aot proviie 
the complete aasw^t aaS iadiviiml reaotioa scheme may be 
sti24ie4 separately asii^ the geaeraliged prograaaie with aotaal 
values of various reaction parameter. 

2, 2he teehaique developed is of greet practical value ani 
the application caa be mcteaiei to other iatestriaHy Importoat 
reactions. 


» • « 
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fe CGG094 , T I MEOOs'f PA^ig3p3'0 »MAHe'’ 

piMsN'SlGN,, X f 100u");»Y ( I'Of'v 5 ,Hf 1 
'pP{,l'OOOJ,?QO(100C:) ,G'6(10 Ch15 »S 
„V ^ . „ , general , , PRCGRA-YYE' fop ! YD 
f. ';.QUAGI' linearization' 

C,. ‘:,.'f-OR EFFECT,. OF, 'DIFFUSION A: 
C. , ' ■' , O'F;' ,, Sp'ME ' .' CCOR! A.y, 

13'0" FOR'HAT(//2X.1ZO£XH-),| ' ' 

CALL FLQVdOOOOr',, , " 

., ,' C = .lE+0 7,' , ' , , 

11 . " ,rlal,i,a.,(':B'£.i I »i=i',.ii> ' 






'X £'I ) « 0 . 0 t>l: 
Y ( I >=O,, 0 ,O 1 ; 






BB 145 #X(,n-(U. 5 -X( I n-( 0 . 5 *EEl, 7 . 









it I 5 + (A#A-;^'giB27'l/sI 

'.W('uiwc:i,>~.5tc^ ■''' , 7'' i,,. A 

/;7i ; 

;,; H ,9|9)=H(99?H'C , 

E{999J,= !;{'?,99;+C . ' ' " '' • ' 

',;Pi l,.)=Ha}, ' ;; ; . ' '; ,; 

'Sf ;U’S'I i!''/P("' 15 '' 'i’A"' 

' ' '' ' ; " /A 

'Q9(l5*C/'PP(l,) ' ■ ■■ - , ,, 

§<3U 3 =W (i J /Rp{ i ) 

-qo; A;'r=2»9'99, ■' ^ ^ 

■p j n*Hn'3 ~c*o( i-i)'' ' 

pNp 1 




I F ( A'BS'( XO*Xl) -lobl) 15*15,16 
I F I ABS ( Y0-YI 3 - . C-0 1 1 17 , 1 7 , 16 
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' _ I 'QUA o I ;-^ I N u AT j , ,' . 

„ F 0 S ', ,£ F F Et T ,0 F ■ , D I r ~':J f [ -0 k ' A 
' ' -^'QFF; iOFE ' , r-vPLCX 

F03i;4AT(/2^,120tlh-) : , . ' 

C^.lF-fat' 'F ' / ; " 

pEAO' ' 1 » (B,( T 5'» I -'1 *9 ) ’ 


05 ,v{ }',-■[ If FF5 .-, 

r-oi ' .FIFO , ^ , , V ,' 








llliltiii 


,■’ EA'Ca;B{3)/U*>El301 
,, '.'B'.O '3, i = l'i.9F'9, ' ; , 

R ( r I ?.('-A#A/B. ( A i 5 i { a ) + 

l+'2 .,^h5 ( 6 ) <■'■{ £ U,/8 { 5 ),) ^t,x'£ 1 5 /3 £ 
,■ SC I )*1*.+FAC^M-Fe{7.;-S£F),*SS 
.:1B(8)''»3£60 !/0:(54 54fY(i ) | 

F C U' *- ,£ 2 , *CF ' £'.~A''*A / £ ,( 4 ) J { 

r/sn'ir '/Si 


5,4-2 , s- 


e,)#3£4^,/6'( 


ninn } + 2 . 

2,)*S{6)*S£ 






G( I ) = {V( I )-C*G{ I-l) )/p{ I ) 

PP ( I ) -E { I ( :-l J 

QQ( I )=C/PP ; I ; 


x:: ) =c ( x )-::(,>; 5 ^fX(r.'4.i} 


J. ■“ 1 '.' ‘J ‘J 
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$ '03 p i'ri Vv 

'ilBJOp ' ' ' ' ' ' ' ' ', '.' '.'■■• ■ ' . ■■■"'■ o; ' - ■ ■ ','''■■ 

illiMitliliiSiliiliiiiiillliiiilllstilm^^^^ 

_ ‘ , DiMENSIQfV X,(,10 0 GO,Ytl\::r-;^;.: ■■ Y j , p ,,3 r.,. , ^ 

. : 1 f^'PaoooNOQx XOOC) ,Q(5(]C.;'ej ,Rc,i---o-o .-(T- ,C'f ^ ‘ ’ 

c ■ ,,G;EiMERAL, : PROGQAHVE , ' top pio-:::,-: ''' 

E '■ ! " 'v' , yUAOI 3 LIoCAPIZATIv’;" TicH'~I' ' '"""* ' 

C’ ' '-FOR' "'EFFZ'CT'' Or 3 I FFOZ In'^ ' A.'.p " Ip -'Z ; . . , ^ j. ^ ■ 

Z Of-, SOV'iF' rOrX' - ' , 

'X3'o' ,roRMA.T(/ 2 xa 2 u(iH~) ! ' '' ' z' : 

,aC=.1E + 0 ? , ' ' ' '.'3 ' , 

X 1 . ''R t AO'l »' A » { 8 ,M } » I * 1 , 9 5 ' ' . . ' . . ' ' 

i ,, '' ,F0,RMAT{ I0'F7.,2|' ' A . ' , , ' ' 

: fT,ERA.:T: = C. \ ■ ' , , ■' , ' ^ 0 „ 

iiilWflsiliiiiliiii#il!lililiiiS#S rir' i 

iiiiiiiliiiiiliiiiliSiiSiliiW^ 

' ' 'DO' 2 '' ' z, 

,; , X:'( ' ■''■ ' , ■' ' ’ • , . ' , . , ■' ' ,3' . ■ ' " 

':,2 r ,Y( I )'P..O'l'. ,' Z' , . ■ ' ' 0 . ' , ' 

i ^ PRINT ' 130 

. 7 lTeRAT = rTERA,t + l ' ' , , ■ ' ". o' ' ' '■ 

, ’ 'S5,4s:'Bf75-2,*BT4)+EI3)*r /5(5} 'i, ' 3,'" ' - r- 

, ,,SB5pB 09 ),-B { 5 5 -t-'Sf S )»E (6 I /B { 1 ' •" ' ' ' '.','3'. 

I , DY],='A«^A/B:f'2l: , i , ' ■ ' '' . '''''',3 

"'3 , 072*FAC*I B{,9 )*S { 6 )+5{ a 5 »5( 6 } /C { 5 n . ' A '' , r o. 

, I 3 I / ( S( 4 ) ir 1 1 , + 3 ( 3 ) ) S , ' ,,, 

' FAC*B'('3)/(1*+,B(3!1 ■ ' ' ' ' ' 3,3, , 3 , ' ' ,, : 

,■ : 5S2 = 2.*5$WaO. , ' ' ' ' ', 3, 

,Z, , DO, ,3' ' 'l*lr99,R ' ^ ■ ' " ' , ; 

'' '' ' ' ' R'U' l»i'A'A,»,n,,l ,-2,*B { 4)«xn )-BI 6 1 «-V C I 5 } +’‘2-(E£ 'o-:ox { I ) /?:{'?- }'+» (P) ( 17/ 

, ' ' ' ', 1 : 8 ,{'B| 5;,X{Xri,,j/oCl! > ) ' ^ ' ' ' ' ' 

g S'$4»Xt I I +YII i^^3S5 ) ) ' , 

l.- 2 .-'r 5 | 4 ?^OKn • 

■",'3 ;;P^J^3*:f;2,^^iU},»fl'(4S/8t5) + 6 C 6 '^Y ( I ) /E ( ? U* «! . /S f 1 1 > 

, rtUjp 4 (,„ 2 ;r^C^-(S'{ n*,AA *{DX2-D>:3,!-S{ r;-'^ 5 Sl^+ 5 :S 2 !/S(: '■■ -1 ■ 

v(i) = (Rn)/3lnt+xInV(2."C+-t{iri * 












'K ! -•'>] DV 

j !_i 1 ! . ) 


oa)=c/pa) , . ' ' V , 

Ga)=Vfi;/PM|,, ■. . • 
ppa)=p('i) ■ '' , G' 

QQ'('l')=C/,PPCi; , ■ 

d6' 4 I =2 »995*' ' -'■''' 

'FM')'=HC,tJ--rttQ"(;|,i j ' ' " : 

Q( I r=c'/P'( 1 1 , ; 

GU ) =^'.(V ( I,9-C*G { I-l) }/?( !)'’ 
PP',f,l I j_c^s-;;!Q( I-l S 

Qfif I s*c/ppc'n, ,: 

GO ( I ) = { W { r)-C*C-G ( I-l ) ) /3P 
X'(999)*G(999I ■ 
YC999)=GG(999) 

;D'0 5 I = l>998 ■ 

,M«999-I, 

, ^ X ( M' ) = G' ( M' I '“,"'1 1 i’’-" 5 'Si'X I ‘44- 1 1 
/V :'{ M ) * GG { iAi -Q'Q (' M ), * y ( i.-+ i 5 
G'XlnX, t !:)<«• 1 0''0Cu ' 

)»1Q0C. ' ■ 4 

' ' IF (48S(XO'-Xl )-,C=C 1)15,1 
: '.IF{4SS( YG-Yl)-,0 0'li 17,]7, 
XO = Xl ' , ' ' ' 

- VO=Yl 

IF( HERAT. GT. 25) GO 

GO.,, .TO,.' 7 ' ' 

A8'= ( i .'-f.B 1 3 ) 4t '1 1 ,-(-2 ,*£ I 2 ! ) 1 * 
IG ).•»¥.! ). ) , 

PRINT '8,»A,, C3{ n» 1=1,9^ - 


FORM,ATCTuF,6,2,gX,3E16 


GO '.TO' 




ill 




■•, ■; .Ov';.: - oV--'' ■■ 

■ 0 • ; .''v; ' ’4" j! 
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tklopli«ae obierred to ix&iMt th® rat# of thiophaii® 

cUaappearanoe significantly, Hoberta (20) also titablisli#d 
'tti# followii^ butane foriBation rat® based on the assuaaption 
that all hutea© disorhs and re-adsorbs before it it hyfirogca»tefi 
to bti^ne* 


'0 - I p, / (1 + i, P, ♦ Kg^s 0) 

where K is the reaction rate conetant for a^ond reaotioiit 
mole»/(gra® catalyst) (nin), imm %), and Ig g are adsorption 
equilibria constants for butene and IgS respectively^ (an %)T^ 
and pg is the mrtial pressure of butenOt wm 


She second step in reaoticm sehenet that ist 'f&t 

hydrogenation of butene to butintf was also found to be retarded 

the adsorption of hydzngen sulfide and butene^ wi'^i butene 

exerting stronger effect^ the faot.*^at denoninators of tiie 

two mt# axpresiions# equation 2 and 3 $ are dlnsiniiar suggests 

that the deeiilj^erisation of thiophene and hydrogenation of 

butene take plaoe on different oatalyst aiteSf 

1 

B.2 Mathffiaatioal yorgulation of the ftroblwftt 

Fwp ease of expression we designate ^4^8^® as if I2 •* 
^4% *® ®2® “• ® reaction bee awes 

i 4 531 - — ^ 0 ♦ 8 

( 4 ) 

0 4. 1 s 

and the rat# ejsirtesions for the disappearance of ’ttiiopliene (A) 
and the fornation of butane (B) oan be writtan as 



MM 


-X^ - K Pj / (1 + Sj^ p^ + Ib Pi, )® (5) 

* Be '*’ *0 ®0 * % 

fli€f rate txpresslana for other oompom^ts eaii be obtained 
from aJjBple atoiohicmetr^ 

rg « - • r^ iU) 

rp » - r* (7b) 

- -5 ♦ Pg (7«) 

Blffttalon Inside the Porti 


At stea^ state, a mass balai^e of the oompoBeot 
dlffusihg in and oat from a ffisall thin shell of thiekness 42 at 
a distmoe 2 fr<»s the pore mouth beomes 

(Hate of 41fi^sioa ia the (Sireotioa of 2 at I « 2) (late of 

(Aiffasioa ia the dlreetion of Z at Z * 2 4 €2) « late of reaotioa 

ia the shell* 

40* 40* 4^0* 

gj) •* •• *"2j| "* “"“""2' • S 4Z C®) , 

or 4^0. 

i43tere $ Is Ihe oross e^tioaal area of tbe pore, 0j^ is the oobi* 
©eatratloa of eoapoaeat A aa4 is the dlffosiel^' of ©ospoaeat A 
Bie above eoostioa is v«li4 if traasport of Material is oiOly 
4me to dif.fasiOB aa4 hoik traasport doe to pressure gradiwit is 
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iicgl«ct®a, HowtTtr, whcnew -Iher® im ©bang® la umber of 
laolet/to proBgurt graflient will exist witMn tb® pore# O^nl 
et#8l«(l9) bare etadiei effect of pressure gradient cm 
effect of preesure grafiimit on the effectivenees of p©r«M« 
©atalyets and observed tbat for saall capillaries i^ere Itedeoa 
diffusioa predoiBimtes %e infiueiwe i© insigiiifioaiit and for a 
tjpicel bi^diepers® catalyst p«llet# they conclmied liiat 
•ffect o«a be impor%iit only if the chang® in moles exceeds two. 


la gea®iml 



•-^i 


(to) 


i(di®r® is the rate of fox»tioa of compoaeat i aad aegatire 
siga iadieates the imte of disappearaase*, Isii^ Ihe ‘falaes of 
*A.* ^0® equatioa CtO) ia epuatioa (7) aad aswimlag 

Ideal gas bthariourp the foliowiag partial pressure expressions 
are obtained after integration and sabstitutioa of limits 


J>0 


\ * 


;■» i ^ 




(t1.) 


»» - \ - »*> 


(m) 

(t1«> 


HKhea ^ese ealues are substi'bitei ia the rate ecpmtioas (f)aaiCi) 


the followiag expressioa results 



(It) 



m 


^ ^**0 - Pi> * ^ ( V Hi 


[l+ ig ^ (Pe,- P*>}+ ‘oifu,* ^Pto 


in) 

&««• •qiiatlons can be ©basi^ei into dlnenioiileae fom 
by iefiniiig 


' * */p, 

t 3: Kg to give 


Tf}^ « z/l 




d'>| * 






h> h 


wbero 


'i m 


^.!®i 2n 

n ^ V ^ p, 

^ !2a+ ^ ^ Sia 

*A > 8 V ^ >0 

% » * 


{H) 


(1J) 


oaA 


-'* ^ t ”1 *'» - 




15^® % 1^^ 1 


"Sll 


( 16 ) 



ybere 




’m ^ ^ 








1^ *^40 


Cl?) 


A« •quatiooe 14 and 14 ara to b« 8 o1t« 4 witii thm folloving 
oonditioiw 


• ^Ao 

0g (at'»jw 0) • 


a 01 




{•t ^ w l) » Cat *^1 « 1 ) * 0 


(IS) 


Ilia laat ttouaSary eoafiltioa is obtaiaad Baoaaat no rMOtiOB« 
sat beiusa no dlffnsion* ©an take plaoe at llie end of Hio pore* 
Eaeogniaii^ t3tot the ovei^ll reaotioa rate wllii ia ■fee pore 
equals the rate of aass trMasfer aoroee fee p&r9 aoafe* fee rate 

A ' 

of reactloas of A and 1 iiill he ppoportloaal to 1 and 


yH aMOaiNHfe 

■» di^ 


and, feerefore seleoti-elty wife diffosioa effeots 




S%i. IP aw 

B -»A 


■Bjjj'a 

*Wt 




% 

JE — HI 


yijO 


p 


r}«& 


(If) 




fee sel^tiwi*^ walae ©aa» feerefcape, he ©htaiaei kaowiig 



4B 






^•0 


mmmmmm 

Qirj 


0 


Sh* rat©a of roaotlon without diffusion offeot can simply h® 
wittta as 

2 

-»A - »1 ^A h /[(1+ Vo ^‘a • r ) 


**S |j* Vo ^ 1*0 S? * ^ ^ 


Isao® sclsotivity without diffusion effsota 


So • t 


( 20 ) 

(2t) 


[l > ♦ #» § )] 0 * 


( 21 ) 


M* lapoduot ..mstrihution and S.alsetiwilar with OoavarBioi^i 

fht Gcsiputatlon was eanriad out ly taking initial 
IHartial pgpossaros of rtaotaats A and B as 0«t a»S 0.§ iroopsotiiroly 
and t^o solootiwitf oaloulatod for any giwon a^ltto of motif isd 
fliiolo iMuramotor using ^is waluo of solootiTi^ and ‘taikiiig a 
oonstaitt inoromont O.OOt Cons pozwoat of Hio initial ' partial 
proseuro of A) ohaiag® in “Qio walno of partial prosoaro of' A Hi# 
prodi^t diotrilutloa tm noxt stop waa'^ealoulatod* :-r'' 

If A io «J0 ohango i» tho partial proswiro of "A; and 
Sj^ ttio aelootivitar# than Itoo now imluoo of the partial proosaroo 



if 


of B, 0, 15 ana E can CAloulatea from tho following 
•toiefetwa-terte yolationa 

% • - A 

% « (3 X Sjj ♦ i (1 - Sjj »A 

o o 

^ X A 

Ej^ « K 4 (1 - Sjj (22) 

0 

Dtta to oBaiigoa ^ ilto moiBey of nolo# of tho reaotaata mn& 

prodiuotaf the i^rtiaX fyossny® of each eoaponent ymm noraaliaod 

by iixiiliif IniiTianal partial proaauro by sia of tbe 

pirtlal pretanrea of all eomponenta. Ibeat noznaliaoa yalii^ 

of partial praaaiirea ifore "Kjoa oaea to oalealate tho aaw mlite 

of aoleotiirityt Sw ,, fh® ■rala#® of partial pr«ao«r®s for 

f 

next atop were ealeolatod frost ootiation (22) by ebai^iag tbo 
xnaiaerioal aiibacirlpt8» that la* nfritirg 2 la plao® of 1 ar^ 

I In plaet of o* ibe proooanr® waa r®p«iit«i i^t® aiey doalred . 
oonroraioa* Cosipntationa ver® mdo tov modified Utiele 
parameter iralnea of &*t« 0»§» 1*0« 1*5 amd 2*0 a»3 '^iopliefto 
GOUToraioa of 0 to 100 peroont* 

For the atody eelieGti'ilty i^itboot any difftisioa 
llaitatioa# tbe aileotirity eaa foaad to be very a^iaitive 
to the (Sponge® la the j^rtial prtseure valtt##* As itwitive 
teobnl^e me®# therefore# need to obtain the truly representative 
average valme of eeleotivity for any InoreBentel^ olai^e in Hie 





partial prasaure of A, In -fc® Itoration i^oeo^ur®* ®«l«ctiTity 

Sg urns ©onputed for partial pressor® Talu®® of 

and 1^, for incremental change a as a first approxlMation 


the new '^lues of and were cagapateS 

from ecpation (22) by replacing in place of Sj, . few 
selwtirity rmlue ms then ocmpnted from partial pressure 
mimes of to fhe improfred mime of seleetirlty that 

is (S^ * with '®ils» mimes of Aj^ 2 * 

%2» %2* %2 %2 ccaapmted from ^nation (22)* Hew 


selectiwity mime was tb®n ccaapmted frcw imirtial pressmres 

%2 ^ 

of (a*l)^ and n^ selectirity was less Ihan 0#0001# this 
iteratiwe teohnl<|me was need to ©alomlate the miliiW' of 
seleotiTt1y» S^, for 0 to 1CX> percent oonTtrsion of thioftoen®. 


^ 2 * procedure ms continued till the diff«r«aee 


B*4t Sesmlts and DiscassioisB i 

for ai^ giren ^steet, only the modified Shielt parameter* 
0 ^ oan he mried independently mrying oatalyst pallet sise. 

All other dimmosiohless mriahles iimtlTiiii; diffusion* adsorption 
or roaotion rate eonstant assume consent mlmm* l^hertCtO) 
fare the following mimes for the constants at 29d*0« 

fCmoles/gram catalyst* min** am 1^) * 0*178 * ICT® 

K^im • 0*0284 

Iu(«® * 0*0237 

E (moles/grara catalyst* min* m® Ig) • 0*2St n lC^ 

Ig(ai • 0 ,A$S 

Kjibm B*"^) - 0 . 088 * 


I is reaotlon rat® constant, ani lu are afisorption 
CGulli'bi'iaai constants for the first step of the r<mctiOB# 

I ie the reaction rate constant, sn4 fp are aisorptl« 
cquilihrinis oomtants for the second step of the reaction* 

I, B, C, 13 and E are representing thiophene, hydrogen, hntene, 
l^Srogen anlflit and hm'hRne respwstiTely, fhes# constants 
were changed to the following dimaiisioiitless rariahles and 
then used for the calculation of the selectirlty, 

*1 - " p* 

KjB V***. 

latio of diffusiritiee, %/Dj^ 

latio of adsorption ecuilihriu® eonstaats 

the rallies of efficstire dif,faBiTiti6s of ©onponeats 1, d, 1 
and E were ©alciilated using "Qis method as dtscrihei ^ BohertCtO) 
while ealculatii^ the effeetiwe diffUiirity of Ihieiaiene# the 
ralues of Maary diffusion coefficients (fer diffusion in 
hydrogen) and Knadsen diffusion coefficient were calculated 
using the relationships glren hy Norwood and Satterfield (2)# 
fhe results presented in Ihhles $ te 14 show the percent 
thiophene converted, noziuilised values of i^rtlal pressaree of 
component 4, 1*0, E and I, ratio of 0 to 1, percent convwrsion 
to 0, for different values of modified fhiele parsmeter in the 
range of to 2#0 as, well as fer a ease i&en n© diffusion 


limitation exists. 



fflie Tslue of fioleotiTity when diffusioa llMitatioa® 
do«8 not oxift m giirtn in feblo 9 pag« 54 indicat® tlmt tlie®« 
ar® vexy sensitiv® to th® cc^potition and dtcreae®® jrapidly a® 
ooirrcraion of 'feiopiion® to bmton® ®r Inttane iiKsr«as®®* Hi® 
8eXcctiiri% vain® oliaiic®® from nni'^ at percent thiopliene 
eonreraion to a minSmm ralu® ntarly •-1*145 at eoirr«fir«ioa l®y®l 
of approximately 92 pemmt. ie th® eonreraioa i«xid InoiimB®® 
furH^er tis® 8«leetiTi% yalne dso ianreacos and attain® a imlit® 
of &^ 4 )roxifflat«ly ©•477 at 1<X5 percent eowrerai&Bh Farcent 
oonrersion to Imten® Increanes vitli inereasa in tliioiiltan® 
oonTeraion npt® a conTtraion lartl of €4 paremt and it ia 
f oand to diN»reae® vitit fPrtlier ineroaa® in oamreraion of ^io|di«io« 
Sttie maximimi t»it«n® oonotraieni is foimd to ha II9«74 pe»c«nt at a 
thiopli®^ conversion of $0 percent* ®ie ratio of Imton© to 
Imtane In product dwsreaaea fro® infinitjr ^ »®p® «® titioptatno 
converalon inereaaoa frm a«ro to W percent, ©lea® ofeaermtio’ua 
ar® in conformitr wi’^ tlioa® otitained for sim^e 8«ri®a r«actioa(25) 

13i® foil owing are ac^e of tli® oOaervatioiis made on 
analysing the reaulta preamated In tablet 10 to 14 ai^ figmr® 2 
with diffiiaion limitationat 

(i) ako valnee of aeleetlvlly %di#B diffnaion IJmitatioas 
axiat w«re Imsa at higher mXum of i^difiai fhiidL.e paawW'ter ' "torn 
at lower mtnm of Ifei^e paraieter* ®nie ^e partial preaanro 
®f bMt«ne waa lata at higgler oalnat of l^ele paramoter Itoan at 
lower talm^ of S&i^o parameter. 
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Cil) the r«tio of buteii® to Imtant in proteft 
fi«er«ae®4 wltSi tee laoroas® la oitmwasioa »t loiwrr iraila«« of 
BOdiflod ISliiol® pmpmeter i«o. at 0*2 aad 0*5# Ivit mo adlKOtt 
GOBO'^at at valaeo of Bodifiod Shiolo panBOter* i«o« 

at t*5 «Bi 2* In thlt witli diffBoioa lladtatioBBt 13feo 

i«tlo of Imtoae to ^taae in proanot at-toiao a eoaotaiit tolno 
of 0#55 at 100 pexoeiit ooairersion of thioi^emo. ttooo oljooap- 
mtioBO wtiG not la Goafoxsil^ wltlt rooolta oljtalnoO bIiob 
ao difftioioii iialtatioBO oxiot* Hi# txpoetod teoliavioiir of Hi# 
rofialto la fig* 2 an# tatilos 10 to 14 witli diffaoioa llaitationo 
is that, thoy olieilld lilimyo tbo aaoalt fm wllfeoat 

diffaoloa Xiaitatioa* fh# roaoon for tliio Soa^tfOl ^ifearlonar 
may Hi# approxlaate rooaXHi obtalaoi witli latariflat iaifeoiOis:^ 
toolialoito* Hils approxlmtioa of the rooulto mill Ijo aoXtlpIiofi 
ao Hi# tliloitiono ©owrerolon will piwooi to 100 porooat adtti 
A taor«a«at tot oaeli atop of ooaTOraioa ai^ 3i®i»® thJa »ay t># 
tlio roasoa of 34 p«w»«at of Imtoa# at 100 pireoat Hiioi^oiio 
ooaroroioa* 





DfJgf^TMfyrQII AIP ?0H WO SlffUSKMf AfXCT 



«%»• 

Q»K\ 


»RRaj5KP®‘“° 


R«a3!?R5sSSIIs5SISIsl 

H f4i*4 hH© ©OO O OO eoo Oo 


ol§i§§^ 


SSSI^iSI 

OOOCfOOCrOO 


|| 08RPa«»!5s;»8^.af|R88Re 
**1 ®'***S«»»RS!8RaS$&P8S*8!8! 


mm. m wmm^ uisfai^rtioM Am sn^tiTHTf ?ca ^ • o.t 



■i*' #*••*#•• 

l ^!!lt : ' gl^y| 

E ' ■ 'W^ 'im '^Te 


nif\ 

N#i 


S!SS!!}» 






mm 



tmM tn Mm foi paoiwsf awj smEouTifr won 0 ^ » 03 



k£SS|I 5;SS«H 

ooooodooooooo 


sss^ssiiisfiiKaii^s: 


,SI5g^|i8l|6l|?§33SS 

00 000 000 00 000 0000 Dodo 


§l§§§§i§g§IIISS§g 

dddooodooooddodod 


&$ssca» 





mi uutiomxs mv loiiaiiissict t®w tit toi» 



§§§ss§ iSI §IISIs§sis»S 

sZJZ J! '-Jt! • • • • * • • • • • • • • 


o III Sli 11 slSim xS^Bt 

ooooooqqoqooooooooooo 

090000000000000000000 


OOOOOOOOOOO 

ooooooooooooooooodlfdo 


>Aitf 


jiWfcyK ' 

' S . .S IS -'E 'E'; 


'W Bf 


♦ # # «' 
•o^mm 






mymt mm fOM. mmsf mBmimTiow km ssmsTinn if 



SRSgpRK»K«Kag55gggKg 

■ ,..,y V # # " # H 'H A • A A • m A • ' ti 'll H A 

OO OOO 0€>0 ooo ooo ooo oo© o 


*' 55 ® f{ SRffi!!; ®* 

S^liRS\ 


ooooooooooooo 


lliil|llslilglisa3S2 





Q*z * if (Efif mtmmmBm amtm mos. mm iti ^risi 



SKS££~~KS! 5 Rg& 

m injn l<\ *fMC\ mncMCMfv 1^^ 

ooooooooooooo 


oSS 3 SSf 3 S«»gg;» 

^ nn-i # 

OfolK^U^'vOeOO 

H rf r 4 f 4 H*»*< 






o 8 lgggsig|||||pg|||§ 

oooooooo ooooooooooooo 


o8ggp§s|SI»&llll3Sp 

OOOOOOOOOOOOOOOOOOOOO 


oS^lliSsSSSSSSiSl^iS 

OOOOOOOOOOOOOOOOOOOOO 


«IIISimiB§3S§£g3lgS§ 

m » O <0 O » O # o O O O H ^f^r* 1 ^ t* 

'#«##• 

OOOOOOOOOOOOOOOOOOOOO 




oKSSQSitrSSiRSSiS 



Thicphene converted 



0>jnssa 



APPENDIX B5 



CGG094 » T I '''1L030 »F AGES035 ,NAME J.C. GUPTA 

3 ' ■ ' ■ ■ , 

C 

dimens I ON U { A ,4 ) tV ( 4 ,A 1 ,W ( A , A ) ,X ( 3 ) ,AA ( 2 ) ,B 



general PROGRAM!. E FOR SERIES REACTIONS 
FOR EFFECT OF .DIFFUSION AND ADSORPTION 
RATIO USING COI PLEX REACTIONS 
read 61, ( (U(K,L) ,L = 1,3) ,K=1,3) 
format ( 3r IF.B 1 

Edtfl valence (CC ,AML) , (D0,EML) 

COMMON A,R(20} 

REA051,A,(B( I ) ,I=-1,10) 

FORMAT! 11F7, 4) ’ , , 

PRINT 69,A, (BII ) ,1=1,10) 

FORMAT! 10X,1IFO. A ) 


WWtrO, 
DEL=.001 
E1ML=0.0 
EfML=0* 
EML=n. 
ClML=-.OOi 
CML=-.001 
COME =”.001 
DlML=-,n01 
DML = ~-,nOi 
DOME =“.001 
A ML =.101 
A1ML=. ini 
ACME = . J 0 1 
31ML = .90 i 
BO ML = .on’) 
RML = .O^C i 


6!2) ,CC!2) 

ON SELECTIVITY 


AlML=AlML-nFL 

ClML = ClML + r'FL-"-VV 

Dlf- 1 L = niML + nf^L 

FlML = FlV'L-i'r)FL*( l.-VV) ■ 

B1M.L = B1HL- ( 3 ( l,-VVl )^fDFL 

AOML= AOML-HFL 
+1'^! 

DOML = DOML + Df^i_ 

FOi^L = EOML+ ( 1 .-UU ) -x-DFL 

B 0 M L = B 0 M L ~ { 3 , -if U U + A , * ( 1 , - U U } ) * D E L 

AML=AML-DEL 

cml=cml+del*vv 

DML-BML+DFL 

c^/;[_::F[V,L+ { 1 ,-VV ) ■!' r FL 

RML-RiMI - i 3 . ■“ VV + A . 5:- ( 1 . -VV 1 ) «-DFL 

I F ( '-'FL ) 30 1 -> 300 , 5C ] 

gml=o. ■ 

GO TO 505 
gml=cml/fml 
M = 0 

IF(FOML)5il,521,[ 11 


GOML=0. 

GO TO 506 

GOML=COML/FOML 

M^O 

S I GMA = AML + BML + CML + P'3.t_+FML 
AML=AML/S I GMA 

BMi«BML/SlGMA 
CML*CML /SIGMA 
DML=DML /SIGMA 
FML=FML /SIGMA 

APCN = ( 1 .-AML / ( AML, +rML + FML ) ) *100« 
CPCN= ( CML/ ( AML+CL L+FML ) ) *100 , 
ddtmt •:^33.ANM .RLI , CML » DML » EML >6ML 


PRINT 333 ,AML »BL L»CML j DML »EML >bML 
FORMATt 10X,8F12.C. ) 
wsigma=aoml+roml+coml+doml+eoml 

AOML=AOML/WSIGMA 
B0ML=B0ML/WS1GMA 
COML = COML/WS TGMA' 
nOML=DOML/WS IGMA 
'■OML = rOML/WSTGMA 

PP TN I 555 ,AOML »EOML »C0ML jDOML oEOML »GCML 
POI.'MAT ( bE 12 . 6 ) ■ ■ 

00 9 0 ,j^^a»io 

i ' 1 ■ f) 

M 2 " 0 

^ . "'i 


f..;qr:n 


APCH.CPCH 


O-U/R 
n Q n 


D = i 




^F(C,D) 

'■■Cl { C ,D ) 
’-F(C] ,D 1 ) 
,Di) 
'*F(C 2 ,D 2 ) 
'-»G ( C 2 ,D 2 ) 

O 5 / 9 2 9 5 i' 
2 1 , 7 , 8 , 7 , £ 
19,7,4,7,4 
’ ,^+>7,8 ,7,e 
' , 2 5 ) , N 
■ ( F ( C ,D ) +F ( 
■(G(C,D)+G( 


1,7,12,7,3,7,3,7,1,7,14,7,6,7,6.7,1,7,6 7 
7, , 7, 8, 7, 3, 7, 3, 7, 1,7, 8, 7, 6, 7 6:7 17 
a,7,4,7,3,7,3,7,l,7,4,7,6,7,6,7,{ 7 ^7* 

W, 1,7, 8, 7, 3, 7, 3, 7, 1,7, 3, 7, 6, 7, 6, 7, 1,7,6;?; 


, 7,3 ,■ 


<',6, -7, 3 ,7,3, 

7 , 6 , 7 , 3 , 7 , 3 , 


:i ,D 1 }+F(C 2 ,D 2 ) ) 
;i ,Dl )+G(C 2 ,D 2 ) ) 


GO TO 5 
G = C 0 
D = DO 

C4-C-PM f’ {(. ,L))4F( 

;)4 = l)-p-x (G(C,!))+G( 

C = C4 

D~D4 

GO TO 3 

C = C'0 

n=Dn 

C5 = C-Pif (F{C,D)+F ( 
D5 = D-.P4( (G(C,D)+G( 
C = G5 
D = D5 
N1=N1+1 

GO TO(F,U,6,ll,f 
1 5 , 11 , 5 , 11 , f 

■ C = CC3 
D = D0 

C6=c-p« (F(c:,D)4-F(- 
D6 = D--PK (G(C,D)+G(i 
C = C6 
D = D6 
N2«N2+1 

GO ro(F,ll, 18 ,r, 

1 6 » 1. 1 , 1 '•! , '5 , ] 

C = C0 
D = D0 

C7=c~i>« ([■ (c:,i;)) + r (! 
1F(C6,[)6)) 

[)7 = D-P« (G(C,[))-1G( : 
1 G(C6,D6) ) 

C«C7 
11-07 
N.3^M3 + I 

GO TO ( 6, 11, IF, 20, ‘ 


:i ,D 1 ) +F ( C 2 ,D 2 ) +F ( C 3 ,D 3 ) ) 
;i ,D 1 ) +G ( C 2 ,D 2 ) +G ( C 3 ,D 3 ) ) 


5 ,11 ,f 


,D ) +F ( 
, 1.1 ) + f. 1 ( 


15,5,1 
1 5 , 5 » ] 


G.) ) + r ( 


I I) ) Ki ( 


a, ,D 1 ) +F ( C 2 ,D 2 ) +F {C 3 ,D 3 )+F (C 4 ,D 4 ) ) 
<- 1 ,D 1 ) +G ( C 2 ,D 2 ) +G { C 3 ,D 3 ■) +G {04 ,D 4 ) ) 


,11,5,11,5,11,5,11,5,11,5,11, 

LI, 5 , 11 , 5 , 11 , 5 , 11 , 5 , 11 , 5 , 11 ), Ml 


■■'wm^mem 

illSiliili 




Cl ,D1 )+F(C2,D2)+F{C3,D3’)+F(C4,D4)+F(C5,D5) ) 

Cl , D1 ) +G ( C2 ,D2 ) +G ( C3 ,D3 ) +C ( C4 , D4 ) +G f C5 ,D5 ) } 

1 , 15 , 5 -, 11 , 15 ’, 5 , 11 , 15 , .'O'' 

1 » 1 5 , 5 , 1 1 , 1 5 , 5 , 1 1 , 1 5 ) , N 2 F; ' Js- 


C 1 ,D 1 )+F{C 2 ,D 2 )+F(C 3 ,D 3 )+F(C 4 ,D 4 )+F(C 5 ,D 5 )+ 
Cl »D 1 )+G(C 2 ,D 2 )+G{C 3 ,D 3 )+ 0 _(C 4 ,D 4 )+G (':5 jD 5 } + 


. 5 , 11 , 15 , 20 , 5 »U, 15 , 2 , 0 ., 5 '"J 11 , 0 ) , N 3 .'.''v:-,;,'' fV:.:' '''O; ; ' 





D = DO 

?2 CS--C-P-:HF(C,D)+F(C 1,1)1 ) +F ( C 2 , D2 ) +F ( C3 , D3 ) +F ( C4 , D4 ) +F ( +C 5 , D5 ) + 

1 F(C6,D6)+F(C7,D7) ) 

D8 = D-P* ( G ( C ,D ) +G ( Cl ,D1 ) +G ( C2 ,D2 ) +G(,C3 ,D3 )+g ( )+G (C5 ,d5 ) + 

1 G(C6,D6)+G(C7,D7) ) 
rF(J-8)8,40,8 
fO V( 1 ,4 ) = (C8~C0 ) /Q 
w ( 1 ,4) = ( D8-DO ) /O 
GO TO 99 

) C=C8 ■ ■ 

0 = 08 , ■ 

4 — N 4 4* 1 , ' ^ 

GO TO (5, 11, 15, 2 C, 18, 5, 11, 15, 20, 18 ) ,N4 ■ , ' 

.9 C = CO 

D=DO ' ' , ‘ , 

C9 = C-PiM F (C,D ) -t-F ( Cl ,D1 )+F( C2 ,D2 )4■F(C3,D3)+F(C4,D4)+F(C5,D5) + 
l F(C6,D6) + F(C7,D7) )-F(C8,D8) ) 

D9 = D-P-:MG ( C ,D ) +G { Cl ,D1 ) +G ( C2 ,D2 ) +G( C3 ,D3 )+G (C4 ,D4 ) +G tC5 ,D5 ) + 

1 G(C6,D6)+G(C7,D7)+G(C8,D8) ) 

IF( J-9)4,41,4 
hi V(2,4) = (C9--C0)/Q 
W(2,4)=(D9-D0)/Q 

GO TO 90 ‘ , ' ' 

h C'=C9 ' ' ■■ 

I5='D9 '■ ■ 7 ■ ^ ^ ^ 

N5 = N5 + 1 . , .f;4 

GO TO(5,11,15,20,18,22) ,N5 ■ 

> C10=C0-P*(F(C0,DC )+F(Cl,Dl5+F(C2,D2)+F(C3,D3)+F(C4,D4)+F{C5,D55+ 

IF ( C6 ,D6 )+F (C7,D7 ) +F (C8 ,DS ) + F ( C9,D9 ). ) 

D1 0 = D0-P'«'' ( G { CO , DC ) +G ( C I , D1 ) +G ( C2 , D2 ) 4-G ( C3 ,03 ) +G < C4 ,D4 ) 4-G ( C5 ^D5 ) + 
1 G£C6,D6)+G(C7,D7)+G(C8,D8)+G(C9,D9.) )■ 

V(3,4)=(C10-C0)/G 

WC3,4) = {DI0-D0)/C : . ' . , . ' , , , 

>9 continue ' ' . '' : 

>8 DO 62 K = l ,3 ' ■ . 

DO 6 27ta=l *3 '' ■ . ' ' ■ ' 7:1 

.2 V(K,L)=U£K,L) ' ' , 7 , ;■ ■' ■, '7, " 7 .' , , 

DO 63 I = 1,2' " : ' ' '■ ' ' ■ 7 

I 1=1 + 1 ' ' 7 

DO 6 3 K=' 1 1 ,3 7 ' ' , ; ^ ; ■ 

00 63 L = I 1,4 

V ( ■: , L) =V ( 7 , L ) -V ( I ,L) ( K , I ) /V ( I , I) 

0 6 ^ L Q = 3 , 4 

L. J ” L L 1 , 

no 64 

V { '< 5 4 ) r.: V ( < , 4 ) .-v ( L L . 4 ) ™)f\/ ( < , lL 1 /y ( LL f LL } 

P; .■'0 "j 1:^ \ 


7 4 



( 2 ( 1 .+B { 3 ) •»■( AOML+B ( 8 ) -s^DC 

OML^' B { 9 ] +D0ML'?(-B ( 10 ) ) ) *B { 1 ) ^AOML 
( 2 ) / a.Ad ) 


( 1 ) ,CC ( 1-) ,BB ( 2 ) ,CC( 2 ) 


F ( C , D ) 
>P(20) 


BB1]3=1./(1.+B(3) ) 

BB313=B(3)#BB113 
GAMA=B(8)*(HH+PP/B(6) ). 

ALPHA=QQ-3,^f-pp/B(4)+B(7 )*WW/B(4) 

R= (A«A*C«-(ALPHA+3.*C /B ( 4 ) -D^fB ( 7 ) /B < 4 ) ) ) 

S= ( 1 .+3 ( 3 ) )-;c- ( B81] 3+BB3 ( C+GAMA-B ( 8 ) *C/B ( 6 ) ) )^r.2 

F = R/S 

RETURN 

END 

SIBFTC FUN2 

FUNCTION G{C,D) 

COMMON A»R(20) 


HH = 0. 

PP=.l 
Q Q = , 9 
G G ~ 0 • ' 

BB113 = 1./(1.+B{3) > 

BB313=?'B(3)*8B113 

ZEE = GG-fPP/B( 5 5+3,( 7 )*M'a'/Bc5 ) 

S,IE = HH-fPP/BC6) . 

SSa ' (BBll3+B8?13»B(R)*d 

R I =-A.*'A«'B { 2;) ( 2fF-C , /B ( 

l*(Slte'~C ' ' /B,(6) ) ) 
'G==RiySS'' ' 

'RetU'PN 

END 


/B(5 )-8{7 5*D/3(5,) I +BB31 3«‘p ( iC J 


SEMI'RV 

lllllllll 

iilllllii 
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